Tinnitus, medial olivocochlear system and music exposure in adolescents by Hinalaf, María de Los Angeles et al.
Original Article
NAH_96_16R4Tinnitus, Medial Olivocochlear System, and Music
Exposure in Adolescents
María Hinalaf1,2, Ana L. Maggi1,2, Mercedes X. Hüg1,2, Pablo Kogan1, Jorge Perez Villalobo1, Ester C. Biassoni1,2
1Center for Research and Transfer in Acoustics (CINTRA), Associated Unit of CONICET, National Technological University (UTN), Córdoba Regional Faculty,
2National Scientific and Technical Research Council (CONICET), ArgentinaAbstractAccess this
Quick Response Code:
© 2017 Noise & Health | PubIntroduction: The most common cause of tinnitus is the exposure to noise; in the case of adolescents, music is the main sound source they are
exposed to. Currently, one of the hypotheses about the genesis of tinnitus is related to the deterioration in the functioning of the medial
olivocochlear system (MOCS). Aim: The aim of this study was to determine the presence or absence of tinnitus in adolescents with normal
hearing and to relate it to: (a) the functioning of the MOCS, by the contralateral suppression of the transient evoked otoacoustic emissions
(TEOAEs) and (b) the musical general exposure (MGE). Materials and Methods: A cross-sectional descriptive correlational study was
conducted. The sample was composed by adolescents with ages between 14 and 15. Two questionnaires were administered, one in relation to
the subjective report of tinnitus and the other in relation to recreational activities to know the MGE. Results: The results showed that the
amplitude of frequencies (1000, 1500, 2000, and 3000Hz) and global amplitude of TEOAEs, with and without acoustic contralateral
stimulation, were higher in the group without tinnitus, with a statistically significant difference (P< 0.05). The suppressive effect was higher
in the group without tinnitus; however, there was no statistically significant difference. Contrastingly, a significant association (P < 0.05)
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Tinnitus is a highly prevalent condition and an unresolved
issue in population auditory health. It has traditionally been
defined as the perception of sound in the absence of an
external sound stimulus, which is not a disease in itself,
but a symptom[1] that can respond to various causes, not
necessarily associated with hearing loss,[2] because tinnitus
can also occur in patients with normal hearing thresholds.[3,4]
Epidemiological studies associate the occurrence of tinnitus
with hearing loss induced by noise.[5] In a study conducted by
Penner et al.,[6] noise exposure was the most frequent cause
for the occurrence of tinnitus. In the case of adolescents,
music constitutes the main sound source, which they are
exposed to, whether at home, in clubs, in live concerts,
meetings, discos, or through personal music players.[7]
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a progressive increase with age in the participation of
recreational activities related to music, characterized by
high noise levels accompanied with an increase in tonal
thresholds, is observed.[8-15]
There are several hypotheses that attempt to explain the
pathophysiology of tinnitus. These hypotheses are divided
into two groups: cochlear mechanisms and noncochlear
mechanisms. The first group believes that the etiology of
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retrocochlear and central aspects in regard to the generation and
persistence of tinnitus, without excluding the role of the
cochlea.[16] Taking into account of the noncochlear
mechanisms, tinnitus has been defined by Jastreboff[17] as
“the perception of sound that results exclusively from an
activity within the nervous system without any corresponding
mechanical, vibratory activitywithin the cochlea, andnot related
to external stimulation of any kind.” Within the noncochlear
hypothesis is the one concerning “the participation of themedial
olivocochlear system (MOCS).”[18,19]
This hypothesis states that one of the MOCS dysfunctions
may produce an alteration in the modulation of outer hair
cells, causing an imbalance between hyperpolarization and
depolarization, which causes an abnormal and exaggerated
electrical activity that is misinterpreted by the central nervous
system as a sound.[18-20]
Rasmussen,[21] in 1946, detailed the trajectory of a group of
efferent neurons, the efferent auditory pathway, which
originates in the brainstem and that ends its trajectory in
the cochlea. Afterwards, in the late 1970s, Warr and
Guinan[22] showed that the efferent auditory pathway was
made up of two distinct neuronal subpopulations, and
classified it into two subtypes: the previously mentioned
MOCS and the lateral olivocochlear system. The MOCS
originates in the brainstem, in the medial superior olivary
complex, intersects at floor level of the fourth ventricle, and
goes to the contralateral cochlea, specifically at the level of
the organ of Corti. It innervates the bases of the outer hair
cells, causing their hyperpolarization.[23]
Currently, the studyof thispathwayanditspossible relationship
with the generation of tinnitus continues, evaluating its
performance by contralateral suppression (CS) test of
otoacoustic emissions (OAEs). This study can be applied in
various types of OAEs, the transient evoked otoacoustic
emissions (TEOAEs) and distortion product otoacoustic
emissions (DPOAEs) being the most studied ones.
In the CS of the OAEs, two measurements of the amplitude of
OAEs are performed, one without contralateral acoustic
stimulation (CAS) and the other with CAS; the difference
between the two amplitudes is called suppression effect. In
the case of an ear that does not present alterations, and that
present an unscathedMOCS, the OAEs amplitude is reduced in
the presence of an acoustic stimulation; therefore, the
suppressive effect is a phenomenon that occurs as a
consequence of the normal functioning of the MOCS, and its
absencecanbeconsideredasapathological finding that indicates
an alteration of the system, which can be related to diverse
dysfunctions, the presence of tinnitus being one of them.[24]
Researches consider the hypothesis of }the participation of
the MOCS}[18,19] and compare the TEOAEs or DPOAEs
suppression in groups without and with tinnitus. In some
cases, obtain non-statistically significant difference between
the two groups in terms of the amplitude response of the2TEOAEs and suppressive effect.[25] Contrastingly others
studies show a statistically significant difference in one or
more evaluated frequencies with less intense suppression
registered in the tinnitus group.[22,26-27]
The hypothesis of the present research is that the majority of
the adolescents with tinnitus have a less suppressive effect
and a lesser amplitude of TEOAE than the adolescents
without tinnitus; and that the adolescents who participate
in recreational activities with high exposition to music have
more presence of tinnitus than the adolescents with low or
moderate exposure.
Most of the studies shown in the literature have been
conducted in North American and European countries and,
therefore, may be of interest to show results obtained in a
country of South America, such as Argentina.
This researchwasconducted in the frameworkof theProgramfor
theConservation andPromotionofHearingAmongAdolescents
within a specific line of research for the study of MOCS and its
diverse clinical and research applications, implemented in the
Center for Research and Transfer in Acoustics (CINTRA),
Associated Unit of CONICET, National Technological
University (UTN), Córdoba Regional Faculty, Argentina.
AIMS
The aim of this study was to determine the presence or
absence of tinnitus in adolescents with normal hearing and
to relate it to: (a) the functioning of the MOCS, by the CS of
TEOAEs, and (b) the musical general exposure (MGE).
MATERIALS AND METHODS
This research was conducted with a cross-sectional
descriptive correlational design.
Participants
The study was conducted in technical schools with the
consent of the Ministry of Education of the Province of
Córdoba. The participants were 77 adolescents, aged 14
and 15 years (average 14.3 years). The population is
characterized by a mixture of Caucasians and indigenous
peoples from the city of Córdoba, Argentina.
The adolescents received their parents’/tutors’ written
consent. The study’s inclusion criteria were:
(1) Normal otoscopic examination.
(2) Tympanometry with normal function of the middle ear,
in terms of pressure and compliance.
(3) TEOAEs present in both ears.
(4) Audiometry in the conventional frequency range
(250–8000Hz) and an extended high frequency
audiometry (8000–16,000Hz) within the parameters
considered normal.For this analysis, data of the adolescents who had some
hearing pathology at the moment of the examination were
excluded.Noise & Health ¦ Volume XX ¦ Issue XX ¦ Month 2017
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The audiological evaluation took place in a personalized way,
lasting approximately between 30 and 40min per participant,
preferably in the morning time allowing a prior auditory rest.
The audiological study was conducted in an utilitarian
vehicle adapted as a mobile audiometric booth, acoustically
conditioned, that complied with the environmental
requirements of the national legislation IRAM 4028-
1:1992[28] and international legislation ISO 82531-1:2010[29]
in relation to the external sound isolation and the inner sound
absorption.[15]
The evaluation consisted of the application of the tests
described below:
(1) Auditory State Questionnaire: referred to the issues that
might affect hearing function and subjective report of
tinnitus (presence or absence, frequency of occurrence,
and duration).(2) Otoscopy: to assess the condition of the ear canal and
tympanic membrane. An otoscope Heine Beta 100 was
used.(3) Tympanometry: to objectively assess changes in air
pressure in the middle ear. A tympanometry within
normal parameters was considered in the presence of a
typeA tympanogram, following Jerger’s classification.[30]
An automatic middle ear “Minitymp” Kamplex MT10
Interacoustics analyzer was used.(4) Audiometry in the conventional frequency range and
extended high frequency audiometry: to determine
the auditory threshold in conventional frequencies
(250–8000Hz) and in the extended range
(8000–16,000Hz), using the bracketing method
specified by the ISO 8253-1:2010[29] standard. Both
ears were assessed with pure tones with intensity
variations of 3 dB HL, instead of the 5 dB
HL traditionally used, to obtain greater precision.
Adolescents with thresholds 21 dB HL at each
frequency analyzed in both ranges were included in the
sample. A digital audiometer Madsen, model Orbiter 922
DH/1was used. Its calibrationwas controlled three times a
year: in the conventional range according to the ISO 389-
1:1998[31] and IRAM 4075:1995[32] standards, using an
artificial ear Brüel and Kjaer type 415, equipped with a
standardmicrophoneBrüel andKjaer type 4134, traceable
to the reference standards of the EuropeanCommunity.[33]
In addition, a set of Sennheiser supra-aural earphones for
both audiometric ranges calibrated according to ISO 389-
8:2004[34] standard was used. The application force of the
headband (10.3N) complieswith the specifications of ISO
389-5:2006[35] standard (10.0 ± 1.0N).(5) TEOAEs: to detect mechanical cochlear status. It was
evaluated with a nonlinear click stimulus of 260
presentations, with an intensity of 80 dB pk, with the
peak noise rejection level of 47.3 dB SPL. The stability
of the stimulus was maintained ≥85%. The studied
frequencies were 1000, 1500, 2000, 3000, and
4000Hz. The TEOAEs were considered present inNoise & Health ¦ Volume XX ¦ Issue XX ¦ Month 2017both ears when the whole reproducibility level was
≥70% and the SNR ≥6 dB SPL in at least three of
the studied frequencies. An Otodynamics Ltd DP
ECHOPORT ILO 292 USB II (Otodynamics Ltd.),
United Kingdom) equipment with UGD TEOAEs
Probe and an ILO V6 OAE clinical analysis and data
management software were used.(6) CS of TEOAEs: to analyze the suppression effect, for
which the TEOAEs were repeated with CAS, using
white noise at 50 dB that was generated by a Madsen
Orbiter 922 audiometer through a probe EAR TONE
A3. The suppressive effect was considered present
when the difference between the global amplitude of
the TEOAEs with and without acoustic stimulation was
>0 dB.Musical general exposure assessment
A questionnaire was administered to establish in detail the
different types of musical recreational activities among the
adolescents. This aspect was assessed applying the “out-of-
school activities questionnaire” that was elaborated by
Schuschke, Rudloff, Penk, and their work group,[36] from
the University of Otto von Guericke of Magdeburg,
Germany. This questionnaire was adapted for Argentinean
population by Serra et al.[14] following the methodology of
direct and inverse translation consisting of the translation into
Spanish, a systematic review of the content of the instrument
and the research team’s discussion, a reverse translation to the
original German language and a new content analysis of it.
Psychologists administered the questionnaire collectively
during school hours. Detailed instructions about how to
complete the survey were provided, and the students were
given the opportunity to ask questions. The duration was
approximately 20min.
The dimensions of the questionnaire were related with the
participation in five different music recreational activities: (a)
Exposure to music at home; (b) Playing a musical instrument
and being part of a musical group; (c) Live concert
attendance; (d) Nightclub attendance; and (e) Use of
personal music players.
The questionnaire asks how often the adolescents participate
in each activity, since when, the time dedicated to each, and
the self-reported relative sound levels they are exposed to,
thus obtaining a “participation level” for each activity (does
not participate, low level, medium level, and high level).
From the combination of participation levels in the five
musical activities, three categories of MGE were obtained:
(1) Low exposure to music, made up of “does not
participate” and “low level of participation” in all
recreational activities.(2) Moderate exposure to music, composed of a “medium
level of participation” in one or more recreational
activities.(3) High exposure to music, which includes a “high level of
participation” in two or more recreational activities.3
Figure 1: Average of amplitude per frequency in the TEOAEs without
CAS in adolescents with and without tinnitus
Figure 2: Average of amplitude per frequency in the TEOAEs with CAS in
adolescents with and without tinnitus
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The data were analyzed using parametric and nonparametric
statistical analysis using the ear as the analysis unit. One-way
analysis of variance was applied to analyze the effect of the
presence of tinnitus on the amplitude per frequency and on the
global amplitude in the instances with and without CAS. To
analyze the differences of the suppressive effect, theWilcoxon
test was used in independent samples. Contingency tableswere
used for the analysis of the association between categories of
MGEand groupswith presence or absence of tinnitus, applying
chi-square tests. In every case, a significance level of 5% (P<
0.05) was considered.
The statistical analyses were performed using the Statistical
Package for the Social Sciences version 17.0 software (SPSS
Inc., Chicago, IL, USA) software and InfoStat version 2015
(Group Info Stat, FCA, Universidad Nacional Córdoba,
Argentina).[37]
RESULTS
The results obtained by the Auditory State Questionnaire
showed that 64% of the adolescents participants had tinnitus
(n= 49), whereas 36% had no tinnitus (n= 28). In Table 1, the
distribution of the frequency of occurrence and duration of
tinnitus in the evaluated adolescents is shown. Regarding the
symptom’s frequency of occurrence, 85.7% reported an
occasional appearance, 10.2% reported weekly occurrence,
and 4.1% reported daily occurrence. As to the duration,
73.5% claimed a duration of approximately 10min, 20.4% a
shorter than 10min duration, and 6.1% indicated a duration that
ranged between 10min and an hour. This shows that most
adolescents manifested an occasional frequency of occurrence
and a duration of approximately 10min. Inferential analysis
showed no statistically significant difference between the
suppressive effect and the hearing thresholds of the right and
left ear; thus, no differentiation between them was made in
subsequent analysis. The results of the TEOAEs with and
without CAS are shown in Figures 1 and 2.
Figure 1, which refers to the TEOAEs without CAS, shows
that the average amplitude of each evaluated frequency was
higher in the group without tinnitus, with the exception of the
frequency 4000Hz. A significant effect of the presence of
tinnitus in the 1000Hz frequency without CAS (F1,152= 9.23;
P= 0.0028; 2= 0.06) was observed.Table 1: Distribution of the frequency of occurrence and
duration of tinnitus
Tinnitus: characteristics n %
Frequency Occasional 42 85.7
Weekly 5 10.2
Daily 2 4.1
Duration 10 min 36 73.5
<10 min 10 20.4
10min to 1 h 3 6.1
4Figure 2, which refers to the TEOAEswithCAS, shows that the
average amplitude of each frequency was higher in the group
without tinnitus,with the exceptionof frequency4000Hz.At the
same time, similar to the results foundwithoutCAS, a significant
effect of the presence of tinnitus in frequency 1000HzwithCAS
(F1,152= 6.77; P= 0.01; 
2= 0.04) was observed.
Figure 3, which refers to the global amplitude of the TEOAEs
in conditions without and with CAS, shows a significant
effect of the presence of tinnitus in the global amplitude of the
TEOAEs without CAS (F1,152= 4.78; P= 0.03; 
2= 0.03)
and with CAS (F1,152= 3.94; P= 0.05; 
2= 0.025). In
comparison with the group with tinnitus, the global
amplitude was higher in the group without tinnitus.
Figure 4 shows the results obtained from the CS study of the
TEOAEs. The suppressive effect was >0 dB in both groups.Noise & Health ¦ Volume XX ¦ Issue XX ¦ Month 2017
Figure 3: Global amplitude in conditions with and without CAS in
adolescents with and without tinnitus
Figure 4: Suppressive effect of the TEOAEs in adolescents with and
without tinnitus
Table 2: Distribution of the musical general exposure of
adolescents with and without tinnitus
Tinnitus Musical general exposure (MGE)
Low Moderate High Total
n % n % n % N %
Presence 32 69.6 24 48.0 42 72.4 98 63.6
Absence 14 30.4 26 52.0 16 27.6 56 36.4
Total 46 100 50 100 58 100 154 100
Hinalaf, et al.: Tinnitus, medial olivocochlear system, and music exposureHowever, the group without tinnitus got a higher value of the
suppressive effect (1.03 dB SPL) than the group with tinnitus
(0.79 dB SPL), although the difference between both values
was not statistically significant.
Theanalysis of theMGEshowed37.7%of theadolescentswitha
highMGE, 32.5%with amoderateMGE, and 29.9%with a low
one. Table 2 shows the distribution of the adolescents’ exposure
to music in relation to the tinnitus, and a significant association
(P= 0.0191) was found. The category with the most significant
difference between the absence and presence of tinnitus was the
one with the highest exposure to music, in which 72.4% of the
adolescents showed the presence of tinnitus, whereas the
remaining 27.6% belonged to the group without tinnitus. It is
important to highlight that the lowcategory ofMGEhad ahigher
percentage of presence of tinnitus (69.6%) than that of the
moderate category of MGE (48.0%).Noise & Health ¦ Volume XX ¦ Issue XX ¦ Month 2017Discussion and Conclusion
The aim of this study was to determine the presence or
absence of tinnitus and to relate it to the functioning of the
MOCS, by the CS of TEOAEs, and the MGE. This study was
conducted in adolescents with normal hearing; however, a
group of them reported the presence of tinnitus with different
frequencies of occurrence and duration, whereas the other
group did not show this symptom at all.
Regarding the response of the TEOAEs in conditions with
and without CAS, the analysis of the average global
amplitude showed higher values in the group without
tinnitus than on the one with tinnitus. The difference
between the groups in both conditions was statistically
significant, which suggests a higher response of the outer
hair cells in the presence of sound stimulation in adolescents
without tinnitus. These results are according to the ones
obtained by Mor and de Azevedo,[25] who evaluated 19
patients between the ages of 20 and 64 years with
unilateral tinnitus and normal audiometric thresholds, using
a similar procedure to the one used in the present
investigation with the exception of the 60 dB intensity in
the CAS instead of 50 dB. Their results showed that the global
response levels of the TEOAEs of the ears without tinnitus
were higher, and that the functioning of the MOCS, which
was evaluated through the use of the CS of the TEOAEs, was
more efficient.
The analysis of the amplitude per frequency of the TEOAEs
with andwithoutCAS showeda higher response in the groupof
adolescents without tinnitus in the frequencies 1000, 1500,
2000, and 3000Hz, with a statistically significant difference in
the 1000Hz frequency. Cruz Fernandes and Momensohn dos
Santos[26] studied the suppressive effect implementing CS of
theTEOAEs inagroupofwomenbetween the agesof18and59
years with tinnitus and normal hearing in comparison with a
control group of the same age but without tinnitus. They
implemented the CAS with an intensity of 50 dB provided
byanaudiometer, as in thepresent research. Its results showeda
statistically significant difference in the 1000Hz frequency of
the left ear in the group with tinnitus in comparison with the
control group. Furthermore, the results provided by Geven
et al.[19] showed subtle differences in the 2000 and 2800Hz
frequencybands in the right ear, indicating ahigher suppression
in thecontrolgroup than in thegroupwith tinnitus.These results
could be related with a higher innervation of the MOCS in the
1000–2000Hz range.[38]5
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with and without CAS, it is necessary to highlight the 4000Hz
frequency, because it is the only one in which lower values
were found for the group without tinnitus in comparison to the
one with tinnitus. For future researches, it is important to
particularly examine around the 4000Hz frequency related to
tinnitus and music exposure.
With respect to the relation between MGE and the presence
of tinnitus, the results showed a significant association
(P= 0.0191). It should be noted that a group of adolescents
who participated in the study showed a high MGE (37.66%),
and that in this category, 72.41%of the adolescents reported the
presence of tinnitus. The adolescents in the sample were
between the ages of 14 and 15 years, and according to
previous investigations,[8-10,12,14] this exposure may increase
over time. For this reason and with the purpose of preventing
permanent hearing damage, it is highly important to take steps
forprevention andpromotion activities about hearing health for
this age group.
The inclusion of tinnitometry is suggested for future studies,
because it may provide data about the characteristics of
tinnitus. In this way, it could contribute to more specific
analysis in relation to the tone in which tinnitus is perceived
and its relations to the amplitudes of the OAEs per frequency
without and with CAS. According to Eggermont,[39]
approximately 79% of the patients with tinnitus inform
that tinnitus resembles a tone, whereas 21% claim that it
resembles a broadband sound. In the case of OAEs, there is a
possible correspondence between the perceived tinnitus tone
and the OAEs frequencies, producing abnormally reduced
amplitudes or no detectable activity at all. Liu et al.[40] found
that in 59% of the patients with normal hearing and tinnitus,
the amplitude of the frequencies of the DPOAEs close to the
tone of the tinnitus was reduced, and spontaneous acoustic
otoemissions were not present. However, in frequencies
different to the ones of tinnitus, the DPOAEs amplitude
was normal, and the spontaneous acoustic otoemissions
could be registered. This interaction has not yet been
defined, and it is of interest to analyze the link of the
amplitude in the CS of the OAEs and the tone of the tinnitus.
In relation to the suppressive effect, although the difference
found between the group without tinnitus and the one with
tinnitus was not statistically significant, the observed trend is
that the magnitude of the suppressive effect was lower in the
group with tinnitus. This constitutes another point of interest
to consider and analyze in future studies. Serra et al.[41] found
that the TEOAE suppression effects decreased with
increasing annoyance of tinnitus in adults with normal
hearing thresholds. Mor and de Azevedo[25] obtained
nonstatistically significant difference between the groups
without and with tinnitus in terms of the amplitude
response of the TEOAEs and suppressive effect. Besides,
researches conducted with CS of DPOAEs found that the
functioning of the MOCS was less effective in the patients of
the group with tinnitus in comparison with the control6group,[27,42] being another aspect of great interest for
future consideration in upcoming studies.
In this research, the adolescents were 65 males and 12
females. The gender differences in TEOAEs amplitude and
suppression of TEOAEs were no significant that is why it was
decided to analyze jointly. Zamiri Abdollahi and Lotfi[43]
found that there is a significant gender difference in TEOAEs
and TEOAEs suppression in normal hearing adults. The
TEOAEs amplitude was significantly greater in females,
and TEOAE suppression was significantly greater in
males. Other study by Durante and Carvallo[44] has shown
gender influence on OAEs and contralateral suppression of
OAEs in neonates. They have shown that TEOAEs were
larger in female infants, and suppression of TEOAEs was
larger in male infants. For this reason, is necessary to continue
research on gender and suppression of TEOAEs in people
with tinnitus. It is necessary to include in the literature the
results of different populations such as Latin America, mainly
South America.
The results of the present investigation provide a contribution
to the hypothesis of “the participation of the MOCS,”[18,19] by
showing that the presence of tinnitus was related to a minor
functioning of the MOCS, and given the fact that this
hypothesis is founded in the idea that the MOCS may
produce an alteration in the modulation of outer hair cells
and, thus, provoke an imbalance between hyperpolarization
and depolarization, generating an electric abnormal and
exaggerated activity that is misinterpreted by the central
nervous system as a sound.[18-20] Another contribution,
proposed by Lalaki et al.,[45] states that in the generation
of noise-induced tinnitus, the MOCS plays an important role,
because the abnormal activity of it could indicate its
deterioration, or it could as well be due to the outer hair
cells responding abnormally to the stimulation of the
MOCS. A combination of these two mechanisms cannot
be excluded.
In general, the bibliography shows that some researches about
the MOCS have been performed with designs that use
different application parameters, diverse quantification way
of the suppressive effect, and varied criteria for considering
OAEs as normal. This lack of united criterion to perform the
measurement procedure and the evaluation of the results is a
real difficulty for comparisons. At this point, it is important to
note what Dhar and Hall[1] mentioned in relation to the
differentiation of the “normal OAEs,” which are referred
to as amplitudes consistently inside a required region, and the
“present OAEs,” referred to as OAEs amplitudes that are 6 dB
above background noise, but still below normal limits. It is
unlikely to find people with tinnitus and normal OAEs, but it
is highly frequent to find people with tinnitus and present but
abnormal OAEs.[1]
The existence of tinnitus as a symptom is well known;
however, a cure does not exist due its unknown origin or
causes. It will be difficult for treatments to be successful until
the origin of tinnitus can be determined. This highlights theNoise & Health ¦ Volume XX ¦ Issue XX ¦ Month 2017
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provide a successful treatment that alleviates or eradicates the
symptom, which will affect the quality of life of those who
suffer from it. It is important to continue with studies, like the
present article, that analyze the suppressor effect and the
presence of tinnitus.
Overall, the need to continue doing research in this area to
know the scopes of the CS of the TEOAEs for its diagnostic
value in audiological tests and their contribution to determine
the relationship between the presence and absence of tinnitus
and function of the MOCS is evident. To make progress in
this area of knowledge may provide the necessary tools for a
more accurate diagnosis and, thus, for more efficient
treatments allowing to improve the quality of life of those
who suffer from tinnitus.
Acknowledgements
The authors express their gratitude to the authorities, staff,
and students of the institutions who participated and to the
Ministry of Education of the Province of Córdoba.
Financial support and sponsorship
Support for this work was provided by the Consejo Nacional
de Investigaciones Científicas y Técnicas, Argentina; the
Universidad Tecnológica Nacional (UTN), Facultad
Regional Córdoba, Argentina and the Secretaría Extensión
Universitaria, Universidad Nacional Córdoba, Argentina.
Conflicts of interest
There are no conflicts of interest.
REFERENCES
1. Dhar S, Hall JW. Otoacoustic Emissions. Principles, Procedures and
Protocols. United States: Plural Publishing; 2012.
2. de Azevedo RF, Chiari BM, Okada D, Onishi ET. Impact of
acupuncture on otoacoustic emissions in patients with tinnitus. Braz
J Otorhinolaryngol 2007;73:599-607.
3. Chéry-Croze S, Moulin A, Collet L, Morgon A. Is the test of medial
efferent system function a relevant investigation in tinnitus? Br
J Audiol 1994;28:13-25.
4. Chéry-Croze S, Truy E, Morgon A. Contralateral suppression of
transiently evoked otoacoustic emissions and tinnitus. Br J Audiol
1994;28:255-66.
5. Axelsson A. Causes of tinnitus. Proceedings, IV International Tinnitus
Seminar, Bordeaux, 1990. p. 275-7.
6. Penner MJ. An estimate of the prevalence of tinnitus caused by
spontaneous otoacoustic emissions. Arch Otolaryngol Head Neck
Surg 1990;116:418-23.
7. Serra MR, Biassoni EC, Carignani JA, Minoldo G, Franco G, Serra
S, et al. Methodological proposal for the study of the auditory
effects of loud music exposure in adolescents. Fonoaudiológica
1998;44:52-60.
8. BiassoniEC,SerraMR,HinalafM,AbrahamM,PavlikM,PérezVillalobo
J, et al. Hearing and loud music exposure in a group of adolescents at the
ages of 14–15 and 17–18. Noise Health 2014;16:331-41.
9. Serra MR, Biassoni EC, Hinalaf M, Abraham M, Pavlik M, Pérez
Villalobo J, et al. Hearing and loud music exposure in 14–15 years old
adolescents. Noise Health 2014;16:320-30.Noise & Health ¦ Volume XX ¦ Issue XX ¦ Month 201710. Biassoni EC, Serra MR, Pérez Villalobo J, Joekes S, Yacci MR.
Recreational habits among adolescents and auditory health. Interam
J Psychol 2008;42:257-71.
11. Hinalaf M, PavlikML, Biassoni EC, SerraMR, Curet CA, AbrahamM,
et al. Study about suppression of transient evoked otoacoustic
emissions, hearing thresholds and recreational habits in adolescents.
Rev Areté Fonoaudiol 2011;11:55-69.
12. Hinalaf M, Pavlik ML, Serra MR, Curet C, Joekes S, Yacci MR.
Recreational habits and hearing sensitivity in adolescents Hábitos
recreativos y sensibilidad auditiva en adolescentes. Compendium of
Current Research in Psychology and Related Sciences. In: Richaud
MC, Lemos V, editors. Psicología y otras Ciencias de Comportamiento.
Entre Ríos, Argentina: Universidad Adventista del Plata; 2011. p. 505-
23.
13. Hinalaf M, Biassoni EC, Serra MR, Pavlik ML, Curet C, Abraham M,
et al. The medial efferent pathway as a protective mechanism of
hearing. Rev Mec Comput 2011;30:3157-66.
14. Serra MR, Biassoni EC, Ritcher U, Minoldo G, Franco G, Abraham S,
et al. Recreational noise exposure and its effects on the hearing of
adolescents. Part I: An interdisciplinary long-term study. Int J Audiol
2005;44:65-73.
15. Serra MR, Biassoni EC, Hinalaf M, Pavlik M, Villalobo JP, Curet C,
et al. Program for the conservation and promotion of hearing among
adolescents. Am J Audiol 2007;16:158-64.
16. Baguley DM. Mechanisms of tinnitus. Br Med Bull 2002;63:195-212.
17. Jastreboff PJ. Tinnitus as a phantom perception: Theories and clinical
implications. In: Vernon J, Moller AR, editors. Mechanisms of
Tinnitus. Boston, MA: Allyn & Bacon; 1995. p. 73-94.
18. De Ceulaer G, Yperman M, Daemers K, Van Driessche K, Somers T,
Offeciers FE, et al. Contralateral suppression of transient evoked
otoacoustic emissions: Normative data for a clinical test set-up. Otol
neurotol 2002;22:350-5.
19. Geven LI, de Kleine E, Free RH, Van Dijk P. Contralateral suppression
of otoacoustic emissions in tinnitus patients. Otol Neurotol 2012;32:
315-21.
20. Puel JL, Guitton MJ. Salicylate-induced tinnitus: Molecular
mechanisms and modulation by anxiety. Prog Brain Res 2007;166:
141-6.
21. Rasmussen GL. The olivary peduncle and other fibern projections of
the superior olivary complex. J Comp Neurol 1946;84:141-220.
22. Warr WB, Guinan JJ Jr. Efferent innervation of organ of Corti: Two
separate systems. Brain Res 1979;173:152-5.
23. Van Zyl A. Effect of prolonged contralateral acoustic stimulation on
TEOAE suppression. [Dissertation]. Pretoria: University of Pretoria,
Faculty of humanities; 2008.
24. Hinalaf M. Contralateral suppression of otoacoustic emissions and
subjective audiological tests in the early detection of non-occupational
hearing loss in adolescence. [doctoral thesis]. Córdoba: Universidad
Nacional de Córdoba, Facultad de Ciencias Médicas; 2013.
25. Mor R, de Azevedo MF. Otoacoustic emissions and medial
olivocochlear system: Patients with tinnitus and no hearing loss. Pro
Fono 2005;17:283-92.
26. Cruz Fernandes L, Momensohn dos Santos TM. Tinnitus and normal
hearing: A study on the transient otoacoustic emissions suppression.
Braz J Otorhinolaryngol 2009;75:414-9.
27. Riga M, Papadas T, Werner JA, Dalchow CV. A clinical study of the
efferent auditory system in patients with normal hearing who have
acute tinnitus. Otol Neurotol 2007;28:185-90.
28. IRAM 4028- 1. Tone Audiometry. Basic Test Methods. Argentine
Institute of Standardization and Certification; 1992.
29. ISO 8253-1. Acoustics − Audiometric Test Methods − Part 1: Pure-
Tone Air and Bone Conduction Audiometry. International
Organization for Standardization; 2010.
30. Jerger JA, Jerger S, Mauldin L. Studies in impedance audiometry.
Middle ear disorders. Arch Otolaryngol 1970 97-101.
31. ISO 389-1. Acoustics − Reference Zero for the Calibration of
Audiometric Equipment − Part 1: Reference Equivalent Threshold7
Hinalaf, et al.: Tinnitus, medial olivocochlear system, and music exposureSound Pressure Levels for Pure Tones and Supra-Aural Earphones.
International Organization for Standardization; 1998.
32. IRAM 4075. Electroacoustic. Audiometer. Argentine Institute of
Standardization and Certification; 1995.
33. Serra MR, Biassoni EC, Richter U. Development of Hearing Disorders
in Adolescents. A Founded Argentine-German Project in the Field of
Hearing Conservation. Physikal: Technical Institute Report; 2003.
p. 1-61.
34. ISO 389-8. Acoustics − Reference Zero for the Calibration of
Audiometric Equipment − Part 8: Reference Equivalent Threshold
Sound Pressure Levels for Pure Tones and Circumaural Earphones.
International Organization for Standardization; 2004.
35. ISO 389-5. Acoustics − Reference Zero for the Calibration of
Audiometric Equipment − Part 5: Reference Equivalent Threshold
Sound Pressure Levels for Pure Tones in the Frequency Range 8 kHz to
16 kHZ. International Organization for Standardization; 2006.
36. Schuschke G, Rudloff F, Grasse S, Tannis E. Study on the extent and
possible consequences of music consumption in young − Part I. Z. AQ5
Lambekampfung 1994;41:121-8.
37. Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez L, Tablada M,
Robledo CW. InfoStat versión 2015. Argentina; Grupo InfoStat, FCA,
Universidad Nacional de Córdoba. Available from: http://www.
infostat.com.ar. [Last accessed on 2016 Sep 20].838. Chery-Croze S, Giraud A, Duchamp C. Evidence of a change in
effectiveness of the efferent olivocochlear system in the presence of
phantom auditory perception (tinnitus). J Audiol Med 2000;9:179-90.
39. Eggermont JJ. Central tinnitus. Auris Nasus Larynx 2003;30:S7-12.
40. Liu B, Liu C, Song B. Otoacoustic emissions and tinnitus. Zhonghua Er
Bi Yan Hou Ke Za Zhi.1996;31:231-3. [in Chinese].
41. Serra L, Novanta G, Sampaio AL, Oliveira CA, Granjeiro R, Braga SC.
The study of otoacoustic emissions and the suppression of otoacoustic
emissions in subjects with tinnitus and normal hearing: An insight to
tinnitus etiology. Int Arch Otorhinolaryngol 2015;19:171-5.
42. Favero ML, Sanchez TG, Nascimento AF, Bento RF. The Function of
Medial Olivocochlear Bundle in Tinnitus Patients. Arq Otorrinolaringol
2003;7:265-70.
43. Zamiri Abdollahi F, Lotfi Y. Gender difference in TEOAEs and
contralateral suppression of TEOAEs in normal hearing adults. Iran
Rehabil J 2011;9:22-5.
44. Durante AS, Carvallo RM. [Changes in transient evoked otoacoustic
emissions contralateral suppression in infants]. Pro Fono 2006;18:49-
56. [in Portuguese].
45. LalakiP,HatzopoulosS,LoritoG,KochanekK,SliwaL,SkarzynskiH.A
connection between the Efferent Auditory System and Noise-Induced
Tinnitus Generation. Reduced contralateral suppression of TEOAEs in
patients with noise-induced tinnitus. Med Sci Monit 2011;17:56-62.Noise & Health ¦ Volume XX ¦ Issue XX ¦ Month 2017
